to both lungs. In order to prevent saliva from loosening the adhesive tape securing the endotracheal tube while the patient was in the prone position, the pharynx was packed gently with a wet gauze roll using Magill forceps. The patient was paralysed with alcuronium and ventilated by a Manley Blease Mark 3 ventilator. Fresh gas flow comprised 4 I nitrous oxide and 2 I oxygen per minute, plus 0-1 % enflurane. Tidal volume was set at 500 ml. Peak airway pressure was 15 cm of water. The patient was then turned prone. In the prone position, breath sounds were equal on both sides and there was no change in peak airway pressure. Continuous ECG, gas analysis, pulse oximetry and blood pressure at five-minute intervals were monitored.
During the three-and-a-half-hour operation the cardiorespiratory status of the patient was no~al.
There were no arrhythmias, ischaemia, or voltage and axis changes detected on the ECG. The arterial oxygenation saturation was above 97%. The heart rate was 90±20 per minute and the systolic blood pressure was 140±30 mmHg throughout the whole operation. There was no episode of straining or coughing. No excessive rise in airway pressure was noted during the operation. Laminectomy was done at the L4/5 region. A Redivac drain was put into the operative site, connected to low-pressure suction through a glass bottle. The skin was closed with interrupted nylon sutures. At the end of surgery, the patient was turned back to the supine position and the pharyngeal pack was removed. Neuromuscular blockade was reversed with neostigmine and atropine. She was extubated awake and sent back to the ward after observation for 30 minutes in the recovery room. Fifteen hours after the operation, she was noted to have developed surgical emphysema of the face, neck and upper part of the trunk (Figure 1 ). Apart from this, all vital signs were normal. She had no dyspnoea, chest pain or hoarseness of voice. Auscultation of the chest did not reveal Hamman's sign, which is a precordial 'crunching' sound I.-Severe subcutaneous emphysema developed fifteen hours after uneventful surgery. produced by cardiac action moving air bubbles between planes of mediastinal tissue. The breath sounds were equal in both sides. Direct laryngoscopy, with 4% lignocaine applied topically to the oropharyngeal mucosa, was normal apart from the aphthous ulcer which existed preoperatively. Examination with a probe did not reveal any sinus track underneath the ulcer. There was no marked swelling or emphysema of the buccal mucosa. A chest radiograph showed surgical emphysema and lines of lucency outlining the cardiac border indicating pneumodiastinum ( Figure 2 ). In the lateral projection air was shown behind the heart. However, there was no free gas present at the peripheries of either lung field. An abdominal radiograph did not reveal any gas in the retroperitoneum. Lateral X-ray of the spine excluded the presence of marked surgical emphysema underneath the operating site.
Conservative management including bed rest and vital signs monitoring was ordered. By the third postoperative day, the surgical emphysema began to subside. By day 10 there was complete resolution of the surgical emphysema ( Figure 3) .... and pneumomediastinum as shown by the chest radiograph. Throughout this period, the patient remained asymptomatic.
DISCUSSION
Spontaneous pneumomediastinum and subcutaneous emphysema occurring after uneventful anaesthesia and surgery have been reported. 1 ,2 These complications may be entirely asymptomatic. Subcutaneous emphysema of the anterior neck region is the commonest presentation of pneumodiastinum. 3 Other symptoms such as chest pain, dyspnoea, dysphagia and alteration in voice 4 are uncommon. Occasionally, tension pneumomediastinum can mimic cadiac tamponade 5 by causing distended neck veins, progressive dyspnoea and eventually circulatory collapse.
There are three main pathways by which air may enter the mediastinum: 1. through the head and neck fascia, which communicates with the mediastinum, 2. from the retroperitoneal space through the diaphragmatic hiatus, and 3. along the pulmonary great vessels, tracheobronchial tree or oesophagus. This is the commonest pathway.
It is well documented that pneumomediastinum can follow a breach in the skin or mucosa in the head and neck region. These include fractures of the mandible,6 maxillary sinus/'s orbit 9 and after dental procedures. 10,1 I Two mechanisms which cause pneumomediastinum are proposed.
First, air can be forced through the defect in the mucosa communicating with the respiratory tract (e.g. tracheal, buccal and nasal) during a paininduced Valsalva manoeuvre, or when an airturbine dental drill is used during a dental operation. '2 ,13 The Valsalva manoeuvre, which results in increased intra-alveolar pressure, can force air through the mucosal defect into the fascial planes leading to the mediastinum. Second, the laceration of skin l4 or mucosa 6 can act as a 'trap-door' trapping air in the soft tissue when the wound is moved. Coincidentally, in our patient, there was a 5 mm wide aphthous ulcer in the oral cavity. However, since the ulcer was small and superficial and examination with a probe did not reveal any sinus track, it is highly unlikely that it was the cause of pneumomediastinum.
The second pathway, that of air tracking from the retroperitoneal space through the diaphragmatic hiatus cannot be excluded. It is possible that laminectomy at L4/5 region can introduce air into the retroperitoneal space. In fact, pneumomediastinum following knee injury has been reported. 14 However, this is unlikely to occur as surgical dissection was not excessively extensive and the subcutaneous emphysema was only minimal at the surgical site.
Finally, air tracking along the pulmonary great vessels, tracheobronchial tree or oesophagus can cause pneumomediastinum. Spontaneous pneumomediastinum is thought to be due to rupture of a marginal alveolus, whose base lies along blood vessels. This allows air to track along the vascular sheaths to the mediastinum. Once in the mediastinum, the continuity of the endoabdominal, intra-thoracic and cervical fascial planes allows air to dissect and involve a variety of structures including subcutaneous tissue, pericardium and free peritoneal cavity. Alveolar rupture is more likely to occur when the pressure gradient develops between marginal alveoli and perivascular interstitial tissue, due to either an increase in alveolar pressure or a decrease in perivascular pressure. IPPV is well known to cause pneumomediastinum lS through marginal alveolar rupture by increasing intra-alveolar pressure and decreasing perivascular pressure due to impeded venous return.
In our patient, we postulate that pneumomediastinum and subcutaneous emphysema occurred as a result of alveolar rupture into the mediastinum. Although the patient had no history of lung disease such as Pneumocystis carinii infection,16,17 or a connective tissue disorder such as dermatomyositis,18 both of which could have caused weakened alveolar walls. Alveolar rupture might have occurred in a congenitally 'thin-walled' alveolus when IPPV was applied. In fact, many cases of spontaneous pneumomediastinum are not associated with any known underlying lung disease.
Late occurrence of pneumomediastinum after sur-gery is common. This was shown by our patient whose facial and neck swelling was first noticed only fifteen hours after the operation. In fact, pneumomediastinum usually occurs several days after institution of IPPV. 3 The reason is unknown but may be due to the fact that it probably requires some time for air to accumulate through a pin-hole lesion.
Other possible causes of alveolar rupture include coughing bouts during or after general anaesthesia and pain-induced hyperventilation and the Valsalva manoeuvre. Coughing episodes and the Valsalva manoeuvre may increase the intraalveolar pressure to more than 100 mmHg while deep breathing produces intra-avleolar pressure in the range of 20-30 mmHg. Cases such as hyperventilation induced by diabetic keto-acidosis 19 ,2o and neuroleptic malignant syndrome 21 leading to pneumomediastinum have been reported. Valsalva-like inhalation manoeuvres used in smoking marijuana and cocaine are known to cause pneumomediastinum. 22 -24 We consider the most likely cause for pneumomediastinum in our patient was that of rupture of a congenitally 'thin-walled' marginal alveolus, precipitated either by IPPV intraoperatively or pain-induced hyperventilation postoperatively. We excluded the possible causes of air tracking down from the small breach in buccal mucosa or up from the large surgical wound to the mediastinum mainly because there was no obvious emphysema in those regions.
Treatment of pneumomediastinum depends on the cause and whether compression symptoms are present. Usually conservative treatment like supplementary oxygen, vital signs monitoring, bed rest, adequate analgesia and reassurance are sufficient. Tracheostomy may be performed if the airway is compromised. Tension pneumomediastinum should be treated with cervical mediastinotomy and placement of a drain in the area of the supraclavicular fossa posterior to the sternocleidomastoid muscle. Finally, rupture of the large airways, rupture of the oesophagus and retroperitoneal intestinal perforation 25 should be identified early, as prompt surgery is necessary in these cases.
In spite of the alarming disfiguration from subcutaneous emphysema, our patient remained entirely asymptomatic and recovered without any treatment apart from bed rest and reassurance. Subcutaneous emphysema subsided after ten days ( Figure 5 ) and no permanent sequelae occurred.
Severe pharyngolaryngeal oedema is a rare but well-recognised complication of pregnancy occurring in association with pre-eclampsia or prolonged labour.I-7 It is often asymptomatic and found at laryngoscopy where it can make endotrachefll intubation difficult and sometimes impossible. 1 ,4 It can also present as facial or neck oedema 1,2,4,5 or with breathing difficulties. 2 ,3 Aggravating factors are infection 3 and airway trauma. 6 A tracheostomy has been required on one occasion, 6 but no death has been reported. The following is a case of acute pharyngolaryngeal oedema in a severely pre-eclamptic Aboriginal woman which was very rapidly progressive and required urgent airway management.
CASE REPORT A 21-year-old, 55-kg Aboriginal female was admitted at 38 weeks gestation with severe preeclampsia. She had a blood pressure of 1801120 mmHg, proteinuria (4 + ) and mild neck oedema.
She had no significant past medical history and her pregnancy up to this point was unremarkable. On admission she was commenced on a hydralazine infusion and given phenytoin. All investigations including a full blood count, electrolytes, liver function tests and ECG were essentially normal, however, her albumin was only 21 g.l-I. She had no evidence of an upper respiratory tract infection and her chest X-ray was normal. There was little peripheral oedema. Since she was not in labour it was decided to perform a caesarean section. She did not want an epidural anaesthetic. She was transferred to the intensive care unit one hour after admission for preoperative haemodynamic workup, but by this time her face and neck had become grossly oedematous and she was unable to open her eyes. Examination revealed a clear chest, grossly swollen lips and tongue and she was having difficulty breathing with some stridor. Her uvula, however, was still visible and it had been noted that previously she had been easy to intubate. Her blood pressure had fallen to 150/100. In addition she was complaining of headache, breathlessness and a change in voice. She was becoming irritable and had developed brisk reflexes, but with no neck stiffness. She would not allow the insertion of an arterial or central line and would not allow us to perform direct laryngoscopy_ It was felt that unless her airway was secured rapidly she might become more stridulous and potentially more difficult to intubate and so she was immediately taken to the operating theatre. An awake intubation was deemed inappropriate in view of her worsening headache, increasing agitation and poor co-operation. All preparations were made for a difficult intubation. She was given sodium citrate, pre-oxygenated, given a bolus of hydralazine and induced with fentanyl 100 micrograms followed two minutes later by propofol 150 mg, cricoid pressure and suxamethonium. Two consultant anaesthetists were present at induction. Laryngoscopy was difficult and it was noted that her tongue, uvula, epiglottis and larynx were grossly oedematous, but intubation was achieved quickly with a size 7 mm endotracheal tube which just fitted through the cords. She subsequently underwent an uneventful caesarean section during which a healthy girl was delivered. There were no marked rises in blood pressure during the inductive period. Postoperatively it was decided to keep her intubated until the oedema subsided. She was accordingly transferred to the intensive care unit and sedated with sodium nitroprusside. Over the next 36 hours she had a brisk diuresis and her albumin rose to 26 g.l-I. The facial oedema settled and she was successfully extubated. Phenytoin was given for three days and the hypertension settled. Her reflexes remained brisk for two days. Recovery was complicated by a mild chest infection, but there were no other sequelae.
